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Abstract 
We have previously shown that rat liver epithelial cells were more sensitive to TGF-fll when they were transfected with c-los cDNA. 
We analyzed the production of TGF-/3 and TGF-/31 binding proteins in transfected and parental cells. TGF-fl-like activity released in the 
medium was reduced in c-los expressing cells. TGF-fll binding sites were more numerous in transfected cells ( × 3). Cross-linking studies 
confirmed that c-los transfected cells showed increased binding of 1~SI-TGF-/31 to membrane binding sites corresponding totype I, II and 
III receptors. Transfected cells internalized and degraded 125I-TGF-f11 more rapidly than parental cells. TGF-/31 incubation rapidly 
down-regulated the receptors. In parental cells, the down-regulation was total, while in transfected cells, a few binding proteins could still 
be detected. The c-los cell line is an interesting tool in analysing the mechanism of action of TGF-/3. 
Keywords: Transforming rowth factor-fl; Receptor; c-los; Transfection; Rat liver epithelial cell 
1. Introduction 
The transforming rowth factor-fl (TGF-/3) family is 
composed of dimeric polypeptides ubiquitously expressed 
and capable of regulating cell proliferation and differentia- 
tion [1]. For most cell types, TGF-/3 is a potent growth 
inhibitor, and mediates a blockage of the cell cycle at the 
G~ phase. The mechanism of action of this factor has not 
been fully elucidated, but recent studies have provided 
some insight on particular points of interest: a link has 
been established between the TGF-fll-mediated G1 growth 
arrest and the state of phosphorylation of the retinoblas- 
toma protein (pRB) [2]. pRB is phosphorylated in late G 1 
by a subset of cyclin-dependent protein kinases [3]. When 
cells are treated with TGF-/31, the hyperphosphorylation of 
pRB is prevented and the cells become arrested in late G~ 
[2]. It has been recently shown that, in mink lung epithelial 
cells, TGF-fl 1 could prevent he activation of the complex 
cdk 2-cyclin E [4]: upon TGF-/31 treatment, a 27 kDa 
protein binds to this complex and prevents its activation 
[5-7]. In keratinocytes, TGF-/31 can also reduce the ex- 
pression of cyclin E [8]. TGF-/3 is therefore capable of 
deeply interfering in the cell machinery that mediates the 
* Corresponding author. Fax: +33 1 34652311. 
0167-4889/95/$09.50 © 1995 Elsevier Science B.V. All rights reserved 
SSDI 0167-4889(94)00240-1  
transition through the cell cycle. It has also been demon- 
strated that TGF-fl can increase or decrease the expression 
of nuclear proto-oncogenes [9,10]. 
TGF-fl induces these responses through an interaction 
with a specific set of cell surface receptors. In most cells, 
TGF-/3 can bind to three distinct cell membrane proteins 
which have been recently cloned [11-13]. The receptors 
seem to serve different functions. Type I and type II 
receptors are glycoproteins with estimated M r of 50000 
and 80000, respectively. They are presumed to interact 
with each other to form a complex, and to mediate cellular 
signalling of TGF-fl~ response: type I requires type II to 
bind TGF-fll, but type II requires receptor I to signal 
through its cytoplasmic serine/threonine kinase domain 
[14]. Upon ligand binding, the two proteins associate to 
each other and type I is phosphorylated by receptor type II 
kinase [15]. Type III binding protein is a large proteogly- 
can called betaglycan of approximately 250 000 M r, and is 
probably not associated with cellular response, but seems 
to be able to bind TGF-fl and present it to the type II 
receptor [16]. The existence of complexes between type II 
and type III receptors was recently shown [17]. 
Experimental data suggest hat most transformed cells 
can resist the growth inhibition induced by TGF-/3. The 
literature cites numerous examples of transformed cells 
which are refractory, in vivo or in vitro, to the action of 
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TGF-/3 (reviewed in Ref. [18]). This acquisition of resis- 
tance is considered an important step in oncogenesis. 
Because the action mechanism of TGF-/3 is still only 
partially known, the reasons for the resistance of malignant 
cells remain unclear. But, in the prospect of elucidating the 
reasons, studying cell lines hypersensitive to TGF-/3 can 
also shed light on the critical events involved in the 
response. 
We recently transfected a clone of rat liver epithelial 
cells (RLEC) with the human c-los cDNA. Although the 
doubling time of the transfected cells (named 43C cells) 
was not significantly modified (23 h + 50 min for parental 
cells vs 24 h 15 min + 1 h 15 min for transfected cells; 
results of 3 determinations), the c-fos overexpressing cells 
were more sensitive to TGF-/31-induced growth inhibition, 
dose-wise and time-wise [19]. 
As a first step in the study of this cell line, we analyzed 
and compared the binding capacities of the parental and 
c-los overexpressing cells, and the synthesis of th e ligand. 
albumin (BSA) and 25 mM Hepes (pH 7.5)). The cultures 
were incubated for 24 h in the incubation buffer and the 
conditioned media were then collected. Media were cen- 
trifuged for 10 min at 10000 X g and at 4 ° C, acid-treated 
to pH 2 to activate latent forms of TGF-/3 by the addition 
of sterile 1 N HCI (1 h at 4 ° C) and neutralized to pH 7.5 
with sterile 1 N NaOH [21]. 
Conditioned media were then assayed for TGF-fl-like 
activity according to the colorimetric bioassay described 
by Absher et al. [22], using CCL64 cells in 96-well plates. 
0.1 ml of diluted aliquots of the unknown samples were 
added on CCL64 monolayers and cells were incubated for 
48 h. Standard curves were obtained using pure TGF-fll 
diluted in the incubation buffer at concentrations ranging 
from 2.5 to 1000 pg/ml. The IC50 of the assay was 300 
pg/ml in our conditions, a value consistent with the 
observation of Absher et al. [22]. For neutralization stud- 
ies, a mouse anti-TGF-/31,2, 3 neutralizing antibody from 
Genzyme (Cambridge, MA, USA) was used. 
2. Materials and methods 
2.1. Materials 
TGF-/31 and chloroquine were obtained from Sigma 
Chemicals Co (St. Louis, MO). Ammonium acetate was 
obtained from Prolabo (France). 125I-TGF-/3-1 (120-180 
/zCi/mg) was purchased from Dupont (Wilmington, DE). 
All culture reagents were obtained from ICN (Costa Mesa, 
CA). 
2.2. Cell culture 
Isolation of the rat liw,~r epithelial cells was described 
previously [12]. RLEC were grown in Ham's F10 medium 
containing 10% fetal calf serum (FCS), L-glutamine 2 mM, 
penicillin 50 UI/ml, streptomycin 50 /zg/ml, and gen- 
tamycin 10/zg/ml.  Two cell lines were used in this study, 
parental and 43C c-fos cell lines, and the main differences 
observed between them were confirmed on the other c-los 
transfected clones isolated at the laboratory, c-los overex- 
pressing clones had been obtained by transfecting the 
parental cell line containing a nearly full-length human 
c-fos cDNA [19,20]. CCL 64 cells were purchased from 
the ECACC (Salisbury, UK) and cultured according to the 
company's instructions. 
2.3. Determination of TGF-fl-like activity in conditioned 
medium 
Cells were grown in 75-cm 2 flasks in Ham's F10 
medium containing 10% FCS. Exponentially growing cells 
(1 -106- -2  • 106 cells) were washed three times (2 X 15 
min, 1 X 90 min at 37 ° C) in the incubation buffer (Ham's 
F10 medium without serum, containing 0.1% bovine serum 
2.4. Extraction of total RNA and Northern blot analysis 
Total RNAs were extracted by the guanidine isothio- 
cyanate procedure of Chomczynski and Sacchi [23] and the 
extracts were centrifuged on cesium chloride gradient o 
separate total RNAs according to Chirgwin et al. [24]. For 
Northern blot analysis equal amounts of total RNA (30 
/~g) were first electrophoresed on 1% agarose gel contain- 
ing 2.2 mM formaldehyde, then transferred to a nylon 
filter (Hybond-N-Amersham) and cross-linked to the mem- 
brane by UV irradiation. Hybridization was performed 
using the 715 bp SacI-PvulI restriction fragment of the 
porcine TGF-fll cDNA [25] and the 604 pb PstI-Hind III 
fragment of the simian TGF-/32 cDNA [26] radiolabeled 
by the multiprime DNA labelling system (Amersham). The 
specific activity of the probes was approximately 1 • 109 
cpm//xg. 
Filters were prehybridized in a solution containing 5 x 
Denhardt's olution, 50 mM Trizma (base pH 7.5), 1 M 
NaC1, 36 mM NaHEPO4, 0.1% SDS, and 200 /zg/ml of 
single-stranded shredded salmon sperm. 
The hydridization buffer contained in addition about 
4. 10 7 cpm of heat-denatured radiolabeled cDNA probe. 
Prehybridization and hybridization (6 h) were carried out 
at 65 ° C. 
Then the filters were washed three times in 3 X SSC 
0.1% SDS at room temperature for 15 min and once 
successively in 1 X SSC 0.1% SDS, at 55 ° C, 0.5 X SSC 
0.1% SDS at 60 ° C, and 0.25 x SSC 0.1% SDS at 65 ° C, 
for 20 min. Autoradiography was carried out at -80°C 
with Kodak XAR films and intensifying screens (Phillips 
Universal). 
2.5. TGF-fll receptor analyses 
Cells were seeded in 24-well plates (1.4. 105 
cells/well) and allowed to spread for 24 h in Ham's F10 
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medium containing 10% FCS. Cells from a companion 
well were trypsinized and counted on a Coulter-Counter 
Channelyzer. For the binding assay, wells were rinsed with 
binding buffer (Ham's F10 medium containing 0.1% BSA 
and 25 mM Hepes (pH 7.5)) and incubated for 1 h at 37 ° C 
in this buffer to remove endogenous ligand from the 
binding sites [27]. The cells were then incubated with 
continuous haking for 3.5 h at 4 ° C with binding buffer 
containing 125I-TGF-/31 (1- 105 cpm/well) and appropri- 
ate concentrations of pure TGF-flr At the end of the 
incubation, the cells were washed four times with ice-cold 
binding buffer and lysed with 0.5 ml of solubilization 
buffer (25 mM Hepes, 1% Triton, 10% glycerol and 1 
mg/ml BSA) for 1 h at 37 ° C. Non-specific binding was 
determined in the presence of a 600-fold excess of unla- 
beled TGF-fll and specific binding was calculated by 
subtracting non-specific binding from total binding [28]. 
Radioactivity was measured with a gamma counter and 
binding data were analyzed according to the method of 
Scatchard [29]. 
The receptor turnover was studied as follows: cells were 
seeded and incubated with 125I-TGF-fll at 4 ° C as de- 
scribed above. Preliminary experiments showed that no 
internalization of the complexes ligand-receptor could oc- 
cur at this temperature. Cells were rinsed four times with 
ice-cold binding buffer and incubated at 37 ° C in 200 pl of 
binding buffer for varying times up to 2 h, with or without 
addition of ammonium acetate 20 mM or chloroquine 200 
pM. At each time point, supernatants from duplicate wells 
were removed and monolayers were either dissolved in 
solubilization buffer to estimate total 125I-TGF-/31 binding, 
or acid-washed for 10 min on ice with a medium contain- 
ing 0.2 M acetic acid and 0.5 M NaC1 according to the 
method of Haigler et al. [30] to extract 125I-TGF-f11 bound 
to the cell surface. 
Two-hundred /xl of the supernatants were precipitated 
for 20 min with 600 /xl of ice-cold 20% w/v  trichloro- 
acetic acid (TCA), and the mixtures were spun at 2500 × g 
for 5 min to separate and determine the amounts of 
radioactive acid-soluble degradation products in the super- 
natants, and acid-precipitated protein in the pellets. 
Amounts of radioactivity in the acid-soluble fraction of 
125I-TGF-f11 incubated for 2 h in the absence of cells were 
negligible ( < 5%) (data not shown). 
Non-specific binding was assessed by the addition of 
100-fold excess unlabeled TGF-flr 
Wakefield [27] has indeed shown that a similar wash could 
eliminate 85-95% of the ligand from the binding sites. 
For the down-regulation studies, parental cells were 
seeded at 350 000 cells per dish and 43C cells were seeded 
at 250 000 cells per dish. They were allowed to spread for 
16 h at least in Ham's F 10 medium containing 10% FCS. 
For all dishes, affinity labelling was performed at the same 
time. Therefore, the preincubations without or with 5 
ng/ml TGF-/31 were started at staggered intervals, to 
allow for the corresponding times, permitting treatments of
48, 24 or 2 h with the unlabeled ligand to arrive at their 
final phase simultaneously. At the end of the preincuba- 
tion, to promptly strip the TGF-/31 bound to cell surface 
receptors, the cells were acid-washed on ice for 3 min with 
a solution containing 150 mM NaC1, 10 mM acetic acid, 
0.25% BSA (pH 3.7) [31]. This acid-wash as proved very 
efficient [31], and, in our experiments, does not affect cell 
viability or cause cell detachment. 
In control experiments, the two washing procedures 
described above were checked for efficiency, and the 
comparison provided similar and satisfactory esults, in the 
same range as that of the references. 
After the washing steps, affinity labelling was per- 
formed as described by Cheifetz et al. [32]. The cells were 
incubated in binding buffer (40 mM Hepes, 128 mM NaCI, 
5 mM KC1, 1.2 mM CaCI 2, 5 mM MgSO4, 5 mg/ml BSA 
[pH 7.4]) containing 1 • 10  6 cpm of 125I-TGF-fll for 3.5 h 
at 4 ° C. Cells were then washed three times with binding 
buffer and treated with 700/zl of 0.15 mM disuccinimidyl 
suberate (Pierce, Rockford IL) for 15 min on ice. 
Monolayers were then washed and scraped with 10 mM 
Tris buffer (pH 7.0), 0.25 M sucrose, 1 mM EDTA, 1 mM 
phenylmethylsulfonyl fluoride and 10 /xg/ml leupeptin. 
Following centrifugation (15 000 × g for 10 min at 4 ° C), 
cellular material was solubilized for 40 min at 4 ° C in 10 
mM Tris buffer, (pH 7), 1 mM EDTA, 1% Triton, 1 mM 
phenylmethylsulfonyl fluoride, 50 pg /ml  leupeptin. 
SDS-PAGE of the Triton-solubilized receptors reduced 
with fl-mercaptoethanol 1% was performed according to 
the procedure of Laemli [33], using 7.5% polyacrylamide 
gel. After electrophoresis, the gels were stained with 
Coomassie blue, dried and exposed to Kodak XAR film 
with an enhancing screen. 
3. Results 
2.6. 125I-TGF-f11 cross-linking 
Cells were seeded at 4.105 cells in 9-cm 2 Petri dishes 
and allowed to spread for 24 h. Cells from companion 
dishes were counted. The monolayers were then rinsed 
with ice-cold phosphate buffer saline and washed for 1 h at 
37 ° C with Ham's F10 medium containing 0.1% BSA and 
25 mM Hepes (pH 7.4) to remove endogenous ligand: 
3.1. TGF-[3 synthesis in parental and transfected cells 
We measured TGF-fl production in the cell lines and 
Table 1 summarizes the results of four separate determina- 
tions on conditioned media obtained from parental and 
transfected cells used at similar passages. 
TGF-fl-like activity was consistently ow in c-los over- 
expressing cells, and represented 22-34% of the value 
determined for the parental cells. Results obtained from 
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Table 1 
Total TGF-/3 production 
Cell Type Parental 43C 
Exp. 1 210+80 65 +32 
Exp. 2 188 -I- 30 63 4-15 
Exp. 3 175 ___ 22 39 -I- 22 
Exp. 4 189_+56 47_+ 18 
TGF-/3 production was measured by a colorimetric bioassay using acid- 
activated conditioned media from parental nd 43C cells. Results repre- 
sent he mean of 3-4 wells + S.D. and are expressed in pg/ml per 24 h 
per 10 6 cells. In each experiment, TGF-/3 production from 43C cells was 
significantly different from parental production at P < 0.05 (Mann- 
Whitney U-test). 
media conditioned by other c-los transfected clones were 
consistent and showed a ,;imilar reduction in TGF-fl pro- 
duction (data not shown). '1"he TGF-/3-1ike activity detected 
in the colorimetric assay was abolished after pre-incuba- 
tion of the conditioned media with a neutralizing antibody 
against TGF-/31,2, 3 (data not shown). The production of 
TGF-fl s by parental cells mainly consists of TGF-fl 2 (90-  
95% of total production) and no TGF-fl3 can be detected 
(T. Mercier, unpublished observation). In our assay condi- 
tions, the detection limit was 5-10 pg/ml .  As no TGF-/3- 
like activity was detectab]e when conditioned media were 
not acid-activated, all the data of the table refer to acti- 
vated samples. 
We next examined TGF-/3 mRNA expression in the 
conditions used to measure the protein production. Fig. 1A 
and 1B show typical Northern blot analysis of the clones, 
using cDNA probes for TGF-fll and TGF-fl2. In c-los 
transfected cells, TGF-/31 mRNA was lower but TGF-/32 
mRNA was higher than in parental cells. The addition of 5 
ng /ml  TGF-fll in the medium restored TGF-fll mRNA 
expression in transfected ('ells and did not increase TGF-fll 
mRNA levels in parental cells. On the contrary, TGF-/31 
addition led to a decrease of TGF-fl2 mRNAs in 43C cells. 
3.2. Analysis of TGF~l-binding capacities of the cell mem- 
branes 
TGF-fll binding proteins were examined by competi- 
tive binding analysis and affinity labelling. As mentioned 
in Section 2, before being incubated with the radioactive 
ligand, both cell lines were carefully washed to remove the 
endogenous TGF-fl. 
Fig. 2 shows mSI-TGF-/31 specific binding in the cell 
lines, and Scatchard plots, c-los transfected cells expressed 
a greater number of binding sites than parental cells 
(10500 + 1500 versus 3400 + 300 respectively. Mean + 
S.D. of four determinations), but the affinity was slightly 
higher in parental cells (K  a = 25 _ 2 pM versus K d = 45 
+ 2 pM. Mean + S.D. of four determinations). 
Cross-linking of mSI-TGF-flI enabled us to visualize 
the types of proteins involved in the binding; Fig. 3 shows 
the results of a typical autoradiogram. Three labelled 
species were detected with approximate molecular weights 
of 66, 83, 158-280 kDa, corresponding to receptors type I, 
II and III respectively, as already described [34]. Radioac- 
tivity was mainly found associated with type II and III 
receptors, type I appearing as a weaker band in both cell 
lines. In c-los overexpressing cells, the intensities of the 
cross-linked bands were stronger, and therefore the three 
types of receptors were more abundant, with no obvious 
shift in the relative abundance of the species of binding 
proteins. Similar experiments performed on other c-los 
transfected clones showed the same results (data not 
shown). 
Given the data obtained, our concern was that the 
difference observed in the receptors could result from the 
difference in the ligand synthesis. Indeed, although the 
cells were carefully washed, the continuous exposure to 
different quantities of TGF-/3 could lead to different levels 
of receptor regulation. To deal with this problem, we 
incubated parental cells with or without 100 /xg/ml TGF- 
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Fig. 1. Expression of TGF-fll (A) and TGF-fl2 (B) mRNAs in parental nd 43 cells. Total RNAs (30 ~g) isolated from exponentially growing cells 
cultured for 24 h in Ham's F10 medium containing 0.1% BSA, 25 mM Hepes, with no addition (lanes 1 and 3) or 5 ng/ml TGF-/31 (lanes 2 and 4) were 
hybridized to 32p-labeled porcine TGF-/31 cDNA or 32p-labeled simian TGF-fl2 cDNA. The integrity and the equal amount of RNA loaded were 
confirmed by ethidium bromide staining; the positions of 28S and 18S ribosomal RNA are indicated. 
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Fig. 3. Affinity cross-linking of parental and 43C cells with 125I-TGF-f11. 
Cells were seeded at 400000 cells per dish and allowed to spread for 24 
h. Near-confluent cells were incubated for 3.5 h at 4 ° C with 50 pM 
125I-TGF-fll alone or in the presence of the indicated concentrations of 
native TGF-/31. Cells were treated with 0.15 mM disuccinimidyl suberate, 
extracted with 1% Triton X-100 in the presence of protease inhibitors, 
and subjected to electrophoresis on 7.5% SDS-PAGE. The autoradiogram 
from a fixed, dried gel is shown. The material oaded on each lane 
corresponded 'o similar cell densities. The position and molecular mass of 
protein standards electrophoresed on parallel anes are indicated. 
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Fig. 2. Specific binding of 125I-TGF-fll to parental and 43 C cells. 
1.4.105 cells were incubated with 40-60 pM 125I-TGF-fll for 3.5 h at 
4 ° C in binding buffer. The non-specific binding was defined as the 
portion of the binding which was not displaced by a 600-fold excess of 
unlabeled TGF-fll and was substracted from total binding to calculate 
specific binding. Panel A shows the values of specific binding obtained 
for each cell line, and Panels B and C the Scatchard analysis obtained 
from these values. Results are those of a typical experiment done in 
duplicates. Mean-l-S.D. Similar results were obtained in four separate 
experiments. 
/31,2, 3 neutralizing antibody. At this concentration, the 
excess of antibody is large and can prevent all interaction 
of TGF-fl with the receptors. Fig. 4 shows that no differ- 
ence could be observed in the profiles of control cells or 
cells treated with the antibody. 
This experiment clearly showed that, even if some 
interaction between the endogenous ligand and the recep- 
tors can occur, it does not profoundly modify the binding 
capacities of the cells. Therefore, after careful washes, the 
two cell lines can be compared. 
PARENTAL  
CELLS  
- + 
kDA 
TYPE III 
200 - 
116 " 
97-  
TYPE II 
66 - TYPE I 
Fig. 4. Effect of TGF-fll,2, 3 neutralizing antibody on the expression of 
TGF-/31 receptors. Parental cells were treated without ( - ) or with ( + ) a 
TGF-fll,2,3 neutralizing antibody for 24 h, and submitted to 12SI-TGF-fll 
cross-link experiments a  described in Fig. 3. The autoradiogram from a 
fixed, dried gel is shown. The position and molecular mass of protein 
standards electrophoresed on parallel anes are indicated. 
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3.3. Receptor dynamics tudies 
To test the hypothesis whether the difference in binding 
capacities was associated with a difference in the disap- 
pearance or reappearance of the receptors, we analyzed the 
kinetics of receptor expression at the cell surface. 
Receptor turnover was first analyzed: cells were prela- 
belled with ]25I-TGF-/3a at 4 ° C for 3.5 h and subsequently 
incubated at 37 ° C for varying time periods. As a prelimi- 
nary, we had checked that the complexes ligand-receptor 
could not be internalized uring the labelling period at 
4 ° C. Fig. 5 shows the results obtained. Levels of total 
binding and radioactivity associated with the cell mem- 
branes decreased more sharply in c-los transfected cells, 
indicating that the receptor-ligand complexes were more 
rapidly internalized and processed. Accordingly, TCA pre- 
cipitation of the supernatants (Fig. 6) showed that appear- 
ance of TCA-soluble products was more rapid and more 
important in transfected cells: the increase in the rate of 
degradation of 125I-TGF-/3t varied from 1.4-fold to 2-fold, 
according to the experiments. Previous studies have shown 
that addition of lysosomotropic agents such as ammonium 
acetate or chloroquine could prevent]25I-TGF-/3t degrada- 
tion by inhibiting lysosomal enzymes [35-37]. Addition of 
ammonium acetate 20 mlvl or chloroquine 200 /zM did 
reduce in our experiments the amount of radioactivity in 
the TCA-soluble fractions, indicating that the TCA-soluble 
fraction consisted indeed of the products of degradation of 
t25I-TGF-f11 in the lysosomes. Combined, the data clearly 
showed that internalization of the receptor-ligand com- 
plexes and cellular degradation of the radioactive ligand 
were more efficient in c-fos overexpressing cells. 
We also studied the down-regulation of the receptors 
induced by a TGF-f l  I treatment. Cells were preincubated 
for different periods of time with unlabeled TGF-/31 and 
cell membranes were tested for 125I-TGF-f11 binding ca- 
pacities. Contrary to the Scatchard experiments or the 
cross-linking depicted above, for the down-regulation stud- 
ies, 43C cells were seeded at a lower density. 43C cells 
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Fig. 5. Time-course of the evolution of ]251-TGF-/31 binding at 37 ° C. 
1.4-105 parental (panel A) or 43C (panel B) cells were exposed to 
70-100 pM 125I-TGF-/3] for 3.5 h at 4 ° C. After 4 rinses to remove 
excess unbound ligand, the monolayers were incubated in binding buffer 
at 370 C for the indicated periods of time. Monolayers were then ex- 
tracted with solubilization buffer to determine the total specific binding 
([]), or with acid dissociation solution to determine the acid-releasable 
specific binding ( • ). Results are those of a typical experiment performed 
in duplicates. Mean + S.D. Similar esults were obtained in five separate 
experiments. 
indeed behave differently than parental when they reach 
confluency: the confluency density is lower because they 
tend to spread out more, and they round off and detach as 
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Fig. 6. Analysis of the TCA solubility of the radioactivity in supernatants. Parental (panel A) and 43C cells (panel B) were incubated with 70-100 pM 
125I-TGF-/31 for 3.5 h at 4 ° C. The medium was removed and the cells were washed and reincubated for varying time intervals in the absence (• )  or 
presence of 200 /xM chloroquine (hatched) or 20 mM ammonium acetate ([]). Supernatants were recovered todetermine the percentage of radioactivity 
soluble in 20% TCA. Results are expressed asthe percentage of the cell-associated radioactivity observed after the initial incubation period (33 600 + 1600 
and 44800 + 1200 CPM bound per 10 6 cells for parental nd 43C cells respectively). Results are those of a typical experiment performed in duplicates. 
Mean +_ S.D. similar esults were obtained in five separate experiments. 
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soon as they are confluent. Due to the length of the 
experiment, it was necessary to seed them at a lower 
number. Fig. 7 shows the results obtained. It can be noted 
that, because of the seeding conditions, the difference in 
the labelling of the receptors between the two cell lines is 
reduced, as compared to Fig. 3. 
In both cell lines, the receptors were markedly and 
rapidly down-regulated by an exposure to TGF-fll: the 
binding capacities were greatly reduced after only 2 h of 
incubation. In parental cells, the reduction of the binding 
was total, as no binding sites could be detected by this 
method during 48 h of observation. In 43C cells, on the 
contrary, there were a few receptors expressed in the 
membranes, till available for binding with 125I-TGF-/3r 
The binding levels remained relatively steady during the 
48 h of treatment in these cells. 
4. Discussion 
In a previous report we described the increased sensitiv- 
ity to TGF-fll in c-los transfected RLEC, as compared to 
parental cells. Our observations concorded with those of 
another study, dealing with cofos transfected fibroblasts 
[38], and yielded information about cellular modifications 
associated with c-fos protein overexpression. I  parental 
cells, constitutive xpression of c-jun can be detected (S. 
Lagarrigue and I. Gaillard-Sanchez, submitted), while c-los 
protein is undetectable, unless the cells have been stimu- 
lated by the addition of TPA or serum [19]. Thus, an 
overexpression f c-fos probably must have modified the 
proportions of the different AP-1 complexes in the cells. 
The AP-1 complex consists of Fos-Jun heterodimers and 
Jun-Jun homodimers. Although the different dimers bind 
to the same sites located in cis elements of the gene 
promoters, it has been demonstrated that the nature of the 
dimer determines a certain flexure of the DNA helix at the 
AP-1 site [39], and, in some cases, either an activation or a 
repression of transcription [40]. Thus, we can speculate 
that in 43C cells, the differences observed originate from 
the modification i  the nature of the AP-1 complex compo- 
nents. 
Constitutive overexpression f c-fos in our cells led to 
two interesting consequences: the reduction of TGF-fl 
synthesis and the enhancement of receptor expression. 
Similar changes were also observed on the other two 
clones overexpressing c-los. 
In 43C cells, the secretion of TGF-fl represented 22- 
34% of the production observed in parental cells. While 
the expression of TGF-fll mRNA was lower in 43C cells, 
TGF-fl2 mRNA was much higher than in parental cells. 
Discordances between TGF-fl protein secretion and mRNA 
expression have been reported on several occasions [41- 
43], and TGF-/31 expression seems to be regulated post- 
transcriptionally [44]. The fact that TGF-/31 mRNA was 
lower in 43C cells is intriguing, as TGF-fll mediate its 
own auto-induction by interactions though AP-1 sites 
[45,46], and in 43C cells, c-fos/AP-1 heterodimers can be 
constitutively detected, as opposed to parental cells (S. 
Lagarrigue and I. Gaillard-Sanchez, submitted). Addition 
of TGF-fll in the medium increased TGF-fll mRNA and 
decreased TGF-fl2 mRNA in 43C cells, consistent with the 
effects already described in AKR-2B flbroblasts [47]. Yet, 
in these experiments, parental cells remained unresponsive 
to TGF-/Ja treatment. 
The other consequence was that c-los constitutive over- 
PARENTAL CELLS 43C CELLS 
0 2 24 
+ - + 
48 0 
..t- 
2 24 48 HOURS 
+ + + TGF-81 5ng/ml 
kDA 
200- 
116- 
97-  
66-  
Fig. 7. Effect of TGF-/31 treatment on the expression of TGF-/31 receptors. Parental cells were seeded at 350000 cells per dish and 43C cells at 250000 
per dish. Cells were treated without ( - ) or with ( + ) 5 ng/ml unlabeled TGF-fll for the specified times (see Section 2), washed to remove receptor-bound 
TGF-fll and incubated with 40--50 pM 125I-TGF-fllfor 3.5 h at 4 ° C. Cross-link was performed as described above. Numbers at the left indicate the 
positions of molecular weight markers. The figure shows a typical autoradiogram. The experiment was repeated three times and similar results were 
obtained. 
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expression enhanced the binding capacities of cell mem- 
branes: similar observations were found in all the trans- 
fected clones obtained in our laboratory. Although the 
three types of receptors have recently been cloned [11,13], 
their promoters still have to be sequenced, and information 
on their regulation is meagre. Yet, several studies, dealing 
with transfection by other oncogenes, have shown modifi- 
cations of TGF-/31 receptors: Ha-ras transfection led to a 
loss of type II receptors [48,49], while v-abl or c-src 
transfection i creased the expression of the receptors [50]. 
c-myc transfection had no effect on the TGF-/3 receptors 
[51]. In our studies, competitive binding assays and cross- 
linking analyses howed that the c-los transfected cells 
expressed a higher number of receptors. When we studied 
receptor movements at the cell surface, we observed is- 
similarities between the cell lines again. Indeed, the recep- 
tor turnover was more rapid in 43C cells, and so was the 
rate of degradation of TGF-/31, as shown by the TCA-pre- 
cipitation experiments. In both cell lines, receptors were 
markedly down-regulated by an exposure to TGF-/31. Yet, 
the 43C cells differed from the parental cells in that, even 
after prolonged exposure to TGF-/31, the three species of 
receptors could still be detected (Fig. 7). So, the kinetics of 
receptor expression was clearly different in 43C cells. 
The mechanism underlying the concomitant higher ex- 
pression of the three receptors in 43C cells remains to be 
elucidated: two likely explanations would involve either a 
higher rate of synthesis of the binding proteins, or a more 
rapid recycling from an internal pool. 
The question of a correlation between responsiveness to 
TGF-fl and expression of the receptors has been addressed 
by several authors. In many instances, a loss of response 
could be directly connected to the loss of type I or type II 
receptors [34,52,53]. Increased sensitivity in transfected 
myeloid cells can be related to an increase in TGF-fll 
binding [50], and our results suggest a similar conclusion. 
Yet, they do not exclude the possibility that another post- 
receptor mechanism is modified as well. TGF-fll treat- 
ment can also promote or inhibit the expression of nuclear 
proto-oncogenes [9,10]. Preliminary data show that some 
of them are indeed differently expressed in 43C cells, as 
compared to parental cells, after TGF-fla incubation, and 
this point deserves further attention. 
43C cell line therefore presents a double interest: first, 
it can enable us to assess the importance of several events 
known to be part of TGF-/3~ mechanism of action, by 
comparison with parental cells. Second, since the modifi- 
cations arise from one single change in the cells, i.e., the 
overexpression f c-los protein, it can help determine the 
involvement of this protein in TGF-fl~ mechanism of 
action. 
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